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Chapter 1
Introduction
Football coaches are now implementing the use
of off-season conditioning and strength training in
football programs at colleges and universities through
out the United States.

Athletes involved In these pro

grams usually train during the months prior to athletic
participation where high levels of strength and local
muscular endurance are developed.
Few coaches work at maintaining these newly ac
quired strength levels during the in-season and some
coaches in fact de-emphasize strength training at that
time.

Few college and university football coaches have

opted to use weight training during the intercollegiate
season for strength retention purposes despite evidence
from numerous studies (Dareus and Salter* 1955t Gibbs,
1966; and Hettinger and Mueller, 1953) that strength
diminishes at an advanced rate when progressive resistance
exercises are ceased during periods of athletic competi
tion.
Berger (1973) reports that the basic skills in
football are catching, running, Jumping, tackling, and
blocking and that with the exception of catching a foot
ball, all other moves previously mentioned require sub
stantial muscular strength.

Strength is probably the
1
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single most Important factor in the game of football as
it is muscular strength rather than skill which is the
limiting factor in performance.
It is odd to find that many colleges and univer
sities do not have an organized in-season strength train
ing program despite all the evidence that strength dim
inishes quickly following cessation of progressive re
sistance exercises.

An overwhelming majority of the

research conducted in the area of strength training has
been concerned with off-season strength training programs.
Little attention has been focused on researching inseason strength training programs for maintaining dynamic
strength.
Statement of the Problem
The purposes of this study are (1) to determine
whether strength training during the in-season is bene
ficial for dynamic strength retention purposes, and (2)
to determine which type of strength training program is
most effective in maintaining dynamic strength levels
acquired during the off-season as determined by the
1-BM scores from the bench press.
Importance of the Study
In recent years the use of off-season weight train
ing has become increasingly popular among colleges and
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universities in the United States.

Athletes invest long

hours in these programs in hopes of increasing their
muscular strength.

However, relatively little is known

about the possible effects of in-season competition on
the strength retention of athletes participating in prac
tices and games as most research has been conducted on
off-season strength training programs.

This study was

organized and designed to provide additional information
in an area where more Investigation is needed.
Basic Assumptions

For the purposes of this study it was assumed thati
1.

Weight training elicits an increase in mea

surable strength.
2.

Strength diminishes quickly following cessa

tion of strength training exercises.
3.

The control group involved in the study was

not lifting during the course of this study.

The subjects involved in the study were giving
honest effort while going through their workouts and in
performing the 1-RM on the bench press for the preand post-tests.
Hypotheses

The following hypotheses were investigated:
1.

There will be a decrement of dynamic strength

an
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among University of the Pacific football players who do not
participate in the in-season strength training program.
2.

There will be a statistically significant dif

ference in the retention of dynamic strength among individ
ual players who weight train during the in-season and those
athletes who cease weight training activities, with the
former group maintaining the highest levels of dynamic
strength.
3.

There will be no statistically significant

differences between the pre-test and post-test results
produced by those subjects training under the Free Weights,
Nautilus, Nautilus and Free Weights, and Isometric pro
grams.
Limitations of the Study
The following limitations of the study are recog
nized by the investigatort
1,

The difficulty in controlling outside activities

of the subjects involved in the study was recognized by
the researcher.
2,

The groups were not equated but matched by po

sition and the control group consisted only of non-scholar
ship players.
3,

The researcher acknowledges the possibility of

varying motivational levels from individual to individual.
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4>.

Some of the players did not participate In

any game activities on Saturdays.
5.

During the course of the study the number of

subjects Involved In the study (n=77) was reduced to
n=57 because of injuries rendering them Incapable of
participating In any strength training activities.
Delimitations of the Stttdy
Delimiting factors of the study are as followsi
1.

All subjects were enrolled as full time male

students at the University of the pacific and were ac
tively participating in varsity intercollegiate football
during the Fall of 1979*
Definitions of Terms
Off-Season.

Off-season is defined as any period

of time not during the scheduled season.
In-Season.

In-season Is defined as any period of

time during the scheduled season.
Set.

Set Is defined as the pre-determlned number

of successive rhythmic repetitions of an exercise.
Repetition.

Repetition is defined as one com

plete cycle of the exercise or moving the load through
the available range of motion and returning it to the
original position.
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Repetition Maximum or RM.

Repetition maximum

is defined as the maximum number of times a given weight
can be lifted.

For example, a ten repetition maximum

Is designated as 10-RM, which means that a particular
weight can be lifted Just ten times through a full range
of motion.
Muscular Strength.

Muscular strength is defined

as the ability to exert muscular force briefly.
Dynamic Strength.

Dynamic strength Is defined as

the ability to exert muscular force repeatedly and con
tinuously over time.
Static Strength.

Static strength is defined as

the maximum force which a subject can exert, for a brief
period, where the force is exerted continuously up to this
maximum,
Isotonic (Dynamic) Contraction. Isotonic con
traction is defined as a muscular contraction in which
a constant resistance is moved through a range of motion
of the involved Joint(s) causing a change in the length
of the muscle(s) involved, either shortening or length
ening.
Isometric (Static) Contraction.

Isometric con

traction is defined as a muscular contraction in which
there is no change in the angle of the involved Joint(s)
and little or no change in the length of the contracting
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muscle(s).
Isokinetic Contraction.

Isokinetic contraction is

defined as a muscular contraction through a range of mo
tion at a constant velocity and tension causing a change
in the length of the muscle(s) involved.
Progressive Resistance Exercises.

Progressive re

sistance exercise is defined as the usee of increasingly
more difficult resistant exercise to develop and improve
the muscular system, and to develop strength.
Strength Development,

strength development is

defined as the increased capacity of a muscle to exert
a force as a result of having trained with overload and
heavy resistance exercise.
Strength Maintenance.

Strength maintenance is

defined as the maintenance of strength levels acquired or
developed in the off-season by in-season weight training.
In-Season Weight Training.

In-season weight train

ing is defined as those weight training exercises performed
by an individual during the time prior to the season of
sports participation.

The major objective of in-season

weight training is the maintenance of strength levels
acquired in the off-season.

Chapter 2
Review of the Related Literature
Football coaches throughout the United States now
stress the use of progressive resistance exercise to In
crease the muscular strength of their athletes.

The main

emphasis for strength building is in the off-season prior
to scheduled competition.

Most football coaches require

athletes under their charge to participate in off-season
weight training and conditioning programs where acquisition
of strength is stressed.

Little emphasis is put on the

importance of weight training during the in-season to
help maintain the increased levels of strength that were
acquired in the off-season.
Much has been written about off-season condition
ing and weight training programs that emphasize strength
development (Evans, 19591 Galloway, 1976). Strength
maintenance during periods of sports participation has
received minimal attention.
A review of the literature related to this study
of muscle training and strength maintenance was organized
in this manneri

(1) the importance of strength develop

ment and its maintenance, (2) methods for developing muscu
lar strength, and (3) choosing a training methodi
tages and disadvantages of each.
8
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The Importance of Strength Development and Its Maintenance
Strength Is a common component found in any good
football player and there is an agreement among football
coaches that explosive power is an Integral ingredient
in the success of every player (Bauer and Haluchak, 1979)•
There can be little question that the added strength built
through strength training programs is helping the modern
athlete surpass his predecessors.
Strength training has long been accepted as a means
of improving performance and preventing injury, and most
coaches have made it an integral part of their overall
conditioning in the off-season.

A great deal of time and

effort is spent organizing and administering off-season
power programs usually requiring athletes to train during
the months prior to athletic competition.
Few coaches work at strength training during the
in-season and some coaches in fact will de-emphasize it
at that time.

The athlete should be encouraged to de

velop strength in the off-season and at least maintain it
during the competitive season.
Studies have shown (Darcus and Salter, 1955 J Lyne,
1958) that with the termination of the strength building
program, levels recede back toward the original level.
The practice of football teams seldom having in-season
strength training exists despite Hettinger and Mueller's
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(1953) conclusion that strength declines rapidly following
the cessation of overload strength training.

Any muscle

that is not properly overloaded at least every seventy-two
to ninety-sir hours (3 to ^ days) will gradually grow
weaker and smaller,

in short, the athlete's strength

level will begin to drop approximately seventy-two to
ninety-sir hours after his last workout (Riley, 1978).
It has been proven that the faster the strength is gained
the faster the strength will be lost after the program
has ended (Hettinger & Mueller, 1953).

It is obvious

that once one develops muscle tissue it does not stay
static, it will continue to hypertrophy with continued
progressive resistance exercise, or it will atrophy if
deprived of progressive resistance.
David H. Clarke (1973) reported that a significant
amount of strength can be retained for several months
following cessation of overload weight training, although
a substantial loss in muscular strength will usually
occur in three to four weeks,

Clarke also observed that,

"Muscular strength, once gained, will persist for some
time before it gradually returns to pertaining levels."
Campbell (1962) investigated the effects of inseason overload weight training on the physical fitness
of football and two other sports' players during different
halves of the season.

He wished to determine how overload
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weight training affected the physical fitness of the three
sports* players when. It was used as a supplement to normal
training during different halves of the season.

At the

midpoint of the season the two groups switched training
procedures.

A physical Fitness Test Battery of seven

exercises were administered to all subjects at the begin
ning, middle, and end of the season.

The results of the

study are as followsi
(1)

The mean gains in strength for the group that

weight trained during the first half of the season were
higher, but not significantly higher than the mean gains
of the group who weight trained during the second half
of the season.
(2)

In-season weight training in addition to

regular practice sessions produces higher gains in strength
than just practice of the sport itself.
(3)

Significant strength losses occurred in the

majority of athletes following the cessation of a sup
plemental weight training program.
(4)

The study supports the contention that weight

training should be started well before the competitive
season and continued during the in-season.
Mankins (197^) conducted a similar study to determine
whether weight training during spring football practice
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Is beneficial for strength retention for the duration
of spring football practice.

Forty-rive college football

players were equally divided into two matched groups.
Both groups weight trained prior to the start of spring
football practice participating In ten exercises, three
times weekly.

Both groups showed significant strength

gains on all variables tested prior to the start of spring
football practice.

Group 1 stopped lifting when spring

football practice started while group 2 continued its
regular workout for the duration of spring football prac
tice.

Both groups were tested using the 1-RM on all

variables following the conclusion of spring practice.
The results of the study are as follows i
(1)

Group 1 and group 2 both experienced sig

nificant strength losses on the majority of ten variables
tested, although group 2 retained a greater amount of
strength than did group 1.
(2)

Significant strength losses occurred In those

athletes following cessation of a supplemental strength
training program.
Most coaches have ignored ln-season strength and
power development programs because of the necessary time
commitment involved.

If coaches were to measure the strength

level of their squads on the first day of fall practice
and then measure It again Just immediately prior to the
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final game, it would be evident that there is a sig
nificant decrease in strength, since performance depends
upon explosive power and speed of movement, any athlete
who hopes to maintain his pre-season strength level must
continue working at it during the in-season.
The primary objective of in-season strength
training programs is the maintenance of the strength
developed in the off-season. The secondary objective
may be a slight strength increase, however, most coaches
are more concerned with not losing strength than with any
possible gain that might occur.
According to Galloway (1976) many significant
results occur due to strength gains in an athlete.

A sig

nificant strength gain which Is developed in the off-season
and then maintained during the in-season can produce the
following resultsj
(1) Strength Gains»

the improvement of explosive

strength which is related to an improvement in football
skills.

The athlete can move more quickly and with less

fatigue.
(2) Confidence Gaim

the most important by-product

of a gain in strength is the self-confidence gained
through knowing he is equal or superior in strength to his
competition.
(3) Injury Seductioni

the reduction of injuries

Ik

(luring a season is directly related to strength and con
ditioning gains.
A number of researchers, Campbell (1962), plckford
(19^3), and Ward (1971), have indicated that In-season
strength training is beneficial for maintaining strength
and improving the skill performance of football players.
The more powerful an athlete is the more successful he
is at a given skill.

Even though the best training to

improve sport performance is to practice the movements
at the rate and intensity as during an actual game situa
tion, participating In a sport itself will not develop the
Individual sufficiently.

Berger (1973) states,

A football athlete may not be able to Increase
his speed in lateral movements no matter how many
times the move is practiced because the limiting
factor in performance is muscle strength rather
than skill.
In reference to football, Berger also stated, "In the sport
of football a heavy opponent must either be blocked or
tackled.

To accomplish this efficiently a high level of

strength is necessary."

Berger reported that the basic

skills in football are catching, running, jumping, tack
ling, and blocking and that with the exception of catching
a football, all other moves previously mentioned require
substantial muscular strength.
Strength training as a supplementary activity for
improving athletic performance is very important.

j.he
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body weight of athletes Is not sufficient enough to cause
an overload situation which would result in rapid strength
improvement, participation of a sport Itself is not
sufficient for skill improvement as muscle strength rather
than skill is the limiting factor in performance.
There has also been shown to be a high correla
tion between the strength of an athlete and his peak
performance.

In a recent article, Riley (1978) made the

following observations, "As the season progresses the
athlete's skill level will improve.

If, however the

athlete does not adhere to a strength maintenance program
his strength level will decrease."

He then goes on to

state, "The athlete's peak performance level will probably
occur somewhere during the middle of the season. Unless
strength is maintained the athlete will probably never
achieve his full performance potential," (Figure 1)
Riley states that ideally the athlete should
peak near the end of the season when his skill level
approaches Its peak. This can be accomplished by in
corporating a strength maintenance program throughout
the season. (Figure 2)
Another area of concern to players and coaches is
the area of injuries. Football Is a rough game and many
joints of the body are put under severe stress. The
stronger the muscles and ligaments holding the joint
together the less chance there is of an injury.

jn

a
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Figure 1.

Strength Levels and Skill Levels are Key ingredients

to an Athlete*s Peak Performance.

The Diagram Illustrates a

Mid-Season Peak by an Athlete due to the Absence of Some Type
of Strength Maintenance Program; thus the Athlete ITever Reaches
His Full Performance Level.
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Figure 2•

When Strength is Maintained Throughout the Season;

Strength Levels and Skill Levels Intersect Lear the End of the
Season Allowing the Athlete to Reach His Full Performance
Potential.
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recent article Ward (1971) stated, -Weight training con
tributes to minimizing Injuries by strengthening the lig
aments, tendons, and muscles that surround the Joints
and contribute to Joint stability,"

Ward also Indicated

that football players should weight train throughout the
entire year.
Methods for Developing Muscular Strength
Isotonic training,

A review of athletic liter

ature reveals various systems of weight training.

Most

weight training systems In use today are based upon
variations of the DeLorme method.

DeLorme (19^5) Is the

most noteworthy of the first researchers to investigate
isotonic overload weight training exercise,

DeLorme

studied strength gains through the use of heavy resis
tance and low repetitive Isotonic overload exercise.
He concluded that heavy resistance and low repetitive
isotonic overload exercises are the most advantageous
means of weight training when gains in strength and mus
cle hypertrophy are desired.
Regardless of the system of weight training used
for strength development, the overload principle must
be adhered to if an Increase in strength Is to occur.
Muscles which are driven to degrees of work beyond those
easily and comfortably performed are the muscles which
respond by hypertrophy.

In progressive resistance
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exercise, overloading is achieved by increasing the mag
nitude of the weight against which the muscle develops
tension.

In a physiological sense, progressive resistance

exercise is at all times heavy resistance exercise and
exercise in the overload zone (DeLorme & Watkins, 1951).
Hellebrandt and Houtz (1956) state that.
It is an established physiological fact that
strength can be augmented significantly only by
contracting against a degree of resistance that
calls forth maximal effort.... This is charac
terized by repetitive short bouts of exercise,
each one of which approaches maximal effort in
severity.
According to Lamb (1978) one must perform exer
cises with maximal or near maximal resistance to bring
forth the greatest strength increments. The muscles
will adapt only to the load placed upon themi a minimal
overload will bring about a minimal strength gain,
whereas a maximal overload will bring about a maximal
strength gain.

To gain the greatest strength one must

exercise with few repetitions and heavy resistance.
Isotonic exercise occurs, by definition, against
a load which allows movement but offers basically a con
stant resistance through a range of movement.

According

to Perrine (1968) often is the case where the resistance
is not proportionate to the muscle's actual dynamic force
curve, therefore, (1) the magnitude of an isotonic re
sistance normally must be limited to the largest load
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which can be moved at the weakest point In some range
of movement, and (2) the exercise speed is subject to
considerable acceleration and because It is unstable and
unpredictable, it is difficult, in practice, for a muscle
to develop its maximum power output.
Although research has been conducted on strength
development with progressive exercise, a difference of
opinion exists among researchers as to which type of
training program is superior for gaining strength.
Berger (1962) conducted a study which Involved training
forty-eight college students nine weeks in three progres
sive resistance exercise programs.

Each group trained

with the bench press exercise three times weekly using
different weight training programs.

The students were

divided into three groupsj group 1 training with six sets
of 2-RF, group 2 training with three sets of 6-EK, and
group 3 training with three sets of 10-RM. The 1-RM
for the bench press was recorded for all groups before and
after the training period.

Results indicated that all

groups Improved strength substantially after nine weeks
of training with no significant difference found to
exist between the three types of training programs, al
though group 2*s (3 sets x 6 reps) mean strength increased
the greatest out of the three programs.
Berger concluded,

From this study
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Training with 6-RM was the optimum or appeared
to be the optimum for improving strength than train
ing with 2-BM or 10-RM. Training with three sets
was nearer the optimum number for improving
strength faster than one or two sets. A combina
tion of 6-RM performed for three sets was more
effective in improving strength than any other
combination of sets and repetitions per set.
Withers (1970) investigated the effect of three
different weight training loads on the acquisition
of strength.

Fifty-five randomly selected subjects were

assigned to three weight training programs. The programs
consisted of three sets of 7-RM, four sets of 5-RM, and
five sets of 3-RM.

The bench press, squat, and curl ex

ercises were performed by all subjects twice weekly for
nine weeks.

The 1-RM for the three exercises was deter

mined by all subjects at the beginning and end of the
nine week study. Results showed that no one training
method produced strength improvement significantly better
than the other methods tested, although the group training
with four sets of 5-RM showed the greatest strength increase.
Berger (1963) conducted an identical study to the
one he did in 1962.

This time he had his subjects con

tinue their respective workouts for twelve weeks Instead
of nine weeks.

At the end of twelve weeks the mean of

group 2, training with three sets of 6-RM, was significant
ly higher than the mean of group 3 training with three sets
of 10-RM.
Capen (1956) conducted a study comparing four
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types of heavy resistance exercises for the development
of strength. The programs consisted of one set of

8-15 RM plus one set of 5-RM, three sets of 5-RM, and
three sets of 1-RM. Capen found that the three sets of
5-RM performed three times weekly was superior to the
other methods tested.
Lamb (1978) lays down some general isotonic
training principles.

According to Lamb, systematic ex

perimentation has shown that certain general principles
of isotonic training should be achieved. They are as
follows|
(1) During each session, 3-4 sets of each ex
ercise should be performed with the heaviest weight that
can be correctly lifted 1-6 RM during each set.
(2) Training sessions should be held 3-4 times
per week.

(3) Maintain isotonic strength with two normal
workouts per week. Two training sessions per week are
usually adequate to maintain, but not to increase strength
gained during prior training.
The above research studies suggest that a few
repetitions with near maximal weights produces the great
est strength gains and that three to four sets of 1-6 RK
is broad enough to satisfy the recommendations of most
well-conducted research studies.

Other studies by C'Shea
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(1966), Orllck (1966), and Redding (1973) substantiate
the principle of three to four sets of 1-6 RM training
three times weekly for optimum strength increment. Any
training that goes beyond the level of 6-RM becomes less
effective for training muscular strength and better for
improving anaerobic muscular endurance.

In weight training

it should be kept in mind that there is a difference
between endurance building and power or strength building
exercises.
Isometric training. Systematic research on dif
ferent methods of improving muscular strength with iso
metric exercise routines received its greatest Impetus
In the 1950*s with the publication of numerous studies
In Germany conducted by Hettinger (1961). Isometric ex
ercise programs were hailed as the "quick and easy" way
to enhance muscular strength because these studies had
effectively demonstrated that very little time was
needed to develop substantial levels of strength.
Isometric training for the purpose of developing
strength is gaining much attention from physical educators
and coaches.

Not only are many professional athletes and

professional athletic teams using "isometrics" as a means
of strength improvementj but many high school and college
teams are resorting to this method of muscle training.

2k

There are different methods of Isometric exer
cising.

Anytime a static contraction within a muscle

exists, isometric exercise Is being performed. The most
common technique of isometric contraction is trying to
push or pull against an immovable object. Another
method of isometric exercise is to place the maximum
amount of resistance a person can lift with a muscle
group and let the subject hold it against gravity.

Ac

cording to Perrine (1968)»
Isometric exercise occurs against a load
which prevents external movement and offers
resistance proportional to the muscle's static
tension, developing capacity at one shorting
length. Evidence Indicates that the result
ing improvement is in the low-strength category
and primarily affects only the fibers active
at the one shortening length exercised.
Physiologists are not in accord on the length,
frequency, and amount of exertion of Isometric contrac
tions.

It was found by Hettinger and Mueller (1953)

that one dally contraction which was maintained for
six-seconds with two-thirds maximum exertion was as
effective in strength development as longer and more
frequent periods of static exercise.
Rariclc and Larson (1958) conducted a study to
test Hettinger and Mueller's hypothesis. They compared
the effectiveness of a single daily six-second exercise
bout using two-thirds maximum tension with an exercise
program involving more frequent exercise bouts at
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eighty percent maximum tension.

Both programs were

identical but differed In the frequency of exercise bouts
and levels of static muscular tension employed. The find
ings of their study supported Hettinger and Mueller's
hypothesis of static strength development. They also
found that strength Increases by the group using eighty
percent maximum tension and more frequent exercise bouts
were slightly greater and declined less during the post
training period than the group using the daily six-second
exercise bout.

Rarlck and Jjarson state,

.., tension levels greater than two-thirds
maximum with more frequent exercise bouts
were not superior to the single dally sixsecond bout In building Isometric strength,
but the former method tended to be slightly
more effective In terms of developing qual
ities of strength retention.
Lyne (1958) Investigated the frequency of static
contraction exercise necessary for strength level main
tenance.

The entire experiment covered a period of six

teen weeksi eight weeks of weight training, and eight
weeks of training with the six-second static contraction
exercises.

At the end of the first eight weeks of weight

training all forty-six subjects that took part In the ex
periment were given a pre-test to determine their 1-RM of
the flexors and extensors of the legs. The subjects were
then immediately assigned to one of four non-equated
groupsj a control group, a group that trained once week
ly with the static contraction exercise, a group that
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trained once every two weeks, and a group that trained
once every three weeks.

The following conclusions were

made from the studyi
(1)

The strength level achieved rapidly during

an eight week session of training declines after cessation
of that training.
(2)

Training once weekly with static contrac

tion exercises, maximum exertion for six-seconds per
muscle groupi significantly increases a newly acquired
strength level, achieved through eight weeks of weight
training,
(3)

A newly acquired strength level, achieved

during eight weeks of weight training can be maintained
by training with static contraction exercises once every
two weeks for an additional period of eight weeks.
(*0

Training with static contraction exercises

once every three weeks for nine weeks following the
achievement of a new strength level is not sufficient to
maintain that strength level.
Wolbers and Sils (1956) found that static con
traction exercises developed strength in high school boys.
A total of twenty subjects trained using static con
traction exercises for a period of eight weeks.

The mem

bers of the experimental group, given exercises requiring
static muscle contractions, made gains significantly
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greater than those of the control group In the followingt
the back lift, the leg lift, and the combined hand grip
tests.

It must be remembered that as in isotonic train

ing, isometric training too requires an overload on the
muscles to Increase strength. The Increase in strength
is explained by the principle of overload. A muscle
develops in size and strength only as it is overloaded,
that is, as it is required to exert a force against a
greater resistance than it normally does,
Early studies pertaining to dynamic and static
strength seemed to indicate that the relationship between
the two is not high and that dynamic strength rather than
static strength, determined the degree of success in many
athletic events involving motor ability. These studies,
however, did not attempt to determine which of the two
training programs, isotonic or isometric, was better for
developing muscular strength.

Almost all coaches ac

cepted the value of the weight training program which
involve isotonic muscular contractions, as beneficial
and necessary for strength development.
The majority of researchers, D. H. Clarke (ed,,
1973). H. H Clarke (ed., 1974), and Chui (1964) concluded
that isotonic overload exercises result in more substan
tial strength gains. Several other studies, Hoesth
(1967), Estep (1963). and Curtis (1968) indicated that
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both methods of training produce equal gains in strength.
An investigation by Lorback (1955) attempted to
determine the relative effectiveness of two types of train
ing in the production of strength and muscle girths.

One

method used short periods of static contractions (twothirds maximum resistance for six-seconds, once per train
ing period), while the other used the customary weight
training methods Involving successive repetition of con
tractions against overload.

Lorback concluded the fol

lowing i
(1)

Both groups gained significantly in strength,

indicating that both training programs were effective for
developing strength of the muscle groups Involved.
(2)

Both groups gained significantly in muscle

(3)

Group B (isometric) gained a significantly

girth.

greater amount of strength than did group A (isotonic)
in the muscle groups involved in knee flexion.

Otherwise

the two methods of strength training were equally ef
fective.
(4)

No difference existed between group A and

group 3 in the girth of any of the muscle groups measured
in the final test.

(5)

Apparently the static contraction method

using only six-seconds per day, per muscle group is at
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least as effective for strength development as the
traditional method of repeated exercise against an over
load of weights.
An Investigation by Mathews and Kruse (1957)
was to study the effects of isometric exercises.

One-

hundred and twenty Springfield College male students
were tested, half exercising isometrlcally and the other
half isotonlcally. The results of the study showedi
(1) As the frequency of exercise increased, a
greater number of subjects significantly gained In strength
In both units.
(2) The isometric type contraction resulted in
greater strength gains than did the isotonic type con
traction, even though the isotonic unit averaged approx
imately 120 seconds per exercise as compared to the iso
metric units average of only 18 seconds per exercise.
Prom these studies it can be concluded that both
isotonic and isometric training against resistance causes
a significant increase in strength development.
Isokinetic training.

Until recently two basic

possibilities in exercise development have been gener
ally accepted!

isotonic and isometric exercise,

iso

kinetic exercise, a new approach to muscle training, has
now been recognized and implemented as a third basic
method of muscular training and is utilized in both
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clinical and athletic training programs.
According to Ferrine (1968) isokinetic exercise
occurs against a load which allows movement at a mechan
ically fixed rate of speed and offers resistance inher
ently proportional to the muscle*s dynamic tension
developing capacity (1) at every point in its shortening
range and (2) at some optimal shortening speed. Iso
kinetic strength training programs combine the features
of both isometric and isotonic programs in the sense that
isokinetic training should be done with maximal exertions
(as in isometric training) throughout a complete range
of motion (as in isotonic training). The isokinetic
method appears to have all the advantages of the Isotonic
and isometric methods, in addition to overcoming the in
herent weaknesses of the two methods. Due to the nature
of isokinetic exercise, the resistance is variable
allowing the development of maximal tension, and thus
strength, throughout the full range of motion.
Because isokinetics is a relatively new method
of strength training there is an absence of comprehensive
research comparing the strength gains between isokinetic,
isometric, and isotonic exercise.

Research has proved

that isokinetic resistance builds more strength than
Isotonic (weights) in Joint and muscle strengthening and
is not affected by the factor of inertia as is isotonic
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exercise.
Pipes and Whitmore (1976) conducted a study to
examine the difference between isotonic and Isokinetic
strength training and what effects they have on changes
of mucle strength. Thirty-six male subjects between
the ages of twenty and thirty-eight years old participated
in the eight week training program.

The subjects were

equally divided into three groups; one group exercising
isotonically, one group isokinetlcally, and the third
group acting as the control group. The Isotonic group
trained at seventy-five percent of their 1-BM for three
sets of eight repetitions while the isokinetic group
trained with three sets of eight repetitions. Each group
performed the bench press, biceps curl, leg press, and
bent row three times weekly with the workout for each
group lasting approximately forty minutes. The relative
strength of each group for the four lifts was tested,
isonetrlcally, isotonically, and isokinetlcally. The
results of the study are as follows 1
(1) For all movements, increases in static strength
for the isokinetic group were significantly greater than
for the isotonic group.
(2)

Increases for relative strength assessed by

isotonic procedures (1-RK) showed all groups increased
significantly over the control group. The isokinetic
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group had significantly greater Increases than the isotonic
group in the leg press, biceps curl, and bent row.
(3) For all movements tested isoklnetlcally,
with the exception of the leg press, the isokinetic group
Increased relative strength significantly more than
the isotonic group.
From the above findings it is apparent that the
isokinetic training procedure is superior to the isotonic
procedure for affecting changes in strength. This was
shown to be true regardless as to how strength was ex
pressed, i.e., isometrically, isotonlcally, or isokln
etlcally. It appears that the superiority of the iso
kinetic group is probably due to the nature of the iso
kinetic contraction, i.e., maximal resistance throughout
the full range of motion.
Choosing a Method of Training
As is perhaps obvious by now, each method of
strength training has its advantages and its drawbacks.
It should be emphasized that any method of training
that properly overloads the muscles will result in
strength gains or the maintenance of strength.
Advantages often ascribed to isometric training
are»
(1) It takes little time to complete the workout.
(2) It requires no expensive equipment.
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(3)

It can be performed almost anywhere,

(4)

It causes little soreness due to no eccen

tric contraction of the muscles,
(5)

Strength Is easily maintained.

Disadvantages of isometric training arei
(1)

Strength Is not well developed throughout

the full range of motion.
MTo

Van Oteghen (1975) states,

build strength through a complete range of motion

through isometric exercise would require a whole series
of contractions in varying positions...H

According to

Pipes and Whltmore (1976), while the resistance can be
maximum, the strength gains have been found to be specific
within a small range of the Joint angle utilized.
(2)

Isometrics tend to build static strength

rather than dynamic strength (Councilman, 1972).

For

this reason training of the nervous system in a movement
does not occur.
(3)

Isometric training often becomes boring

causing motivational problems for the athlete since
there is no movement and athletes are accustomed to
evaluating their effort by the distance they move an
object.
(4)

Strength gains due to isometrics are hard

to evaluate.
(5)

Isotonic or isoicinetlc methods generally seem
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to produce greater strength gains than Isometric training
(Chui, 196*1-1 Pipes & Whitmore, 1976; Fischer, 1968).
Isotonic training is still the most common method
of strength training used by coaches today.

Advantages

of isotonic training are*
(1) Isotonic training builds dynamic strength
and thus builds strength throughout a range of motion.
(2) Isotonic training provides some training
of the nervous system in a movement, body control is
learned (Lamb, 1978).
(3) Progress is easy to follow as more weight is
added with newly gained strength, so it tends to be less
boring than Isometric training.
(*f)

Isotonic training does not have a constant

pattern of movement, you must support and balance the weight.
This controlling action builds tendon and ligament strength
in the Joints which are the supporting structures of the
body.
Disadvantages of isotonic training arei
(1) It is expensive.
(2) Isotonic training requires more time than does
isometrics or isokinetics (Lamb, 1978).
(3) Kost of the strength gained in isotonic train
ing occurs at the weakest points of the range of motion so
that the entire range is not maximally trained.
(1965) states:

Clarke
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In isotonic lifts the middle one-third range
is usually twice as strong as the weakest third
of the range. Therefore, the load must be lim
ited to the maximum amount which can be moved
at the weakest Joint angle. It is impossible
to load muscles to their maximum through a full
range of motion. With Isotonic weights it is
difficult to allow enough weight for the stronger
part of a range and then progress It towards
the weakest part for greater stimulation.
Weights are always limited to maximum resis
tance to that exact point in the range where
the lever is at its greatest mechanical disad
vantage! therefore, all other angles are submaximally loaded.
Isokinetic training is a relatively new system and
has not been as thoroughly tested as the other techniques
according to Lamb (1978), Isokinetics does seem to pro
vide a good combination of the attributes of both iso
metric and isotonic training with few of their disadvan
tages.
Advantages of isokinetics are as followst
(1) Isokinetic training provides maximal resis
tance to the muscles at all points in the range of motion
(Lamb, 1978).

Killer (197^) states, "Unlike weights,

the strong extended ranges of 160° - 180° is not neglected
because all angles receive maximum resistance.

It is at

these extended ranges that most sports activities take
place."
(2) Isokinetic training requires less time than
other training programs.
(3) Isokinetic training increases range of move-
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Figure 3. Summary of Advantages of Isokinetic, Isotonic, and
Isometric Training Methods. A Rating of 1 is Superior, 2,
Intermediate; and 3, Inferior.
Tyoe of Training
Criterion
Rate of Strength Gain
Strength Gain Throughout
Range of Motion

Isokinetic
1

Isotonic

Isometric

Excellent

Good

Poor

Time per Training Session

2

3

1

2-3

2

1

Ease of Performance

2

1

Ease of Progress
Assessment

2

3
1

E::pense

3

Adaptability to Specific
Movement
Probability of Soreness

Little

Much

Little

Probability of Musculo
skeletal Injury

Slight

Moderate

Slight

Cardiac Risk

Some

Slight

Moderate

C7:£l! Improvement

Some

Slight

Lone

Lamb (1973)

merit or flexibility of athletes.
Disadvantages of isokinetic training arei
(1)

The equipment is very expensive.

(2)

It is difficult to assess actual strength

gains,
Summary
The review of the related literature reveals many
new contentions as to thoughts about the importance of
strength development and its maintenance.

The following

generalizations are made from the review of literature on
the importance of strength development and its maintenance
(1)

Football players experience a continuous

loss of strength throughout a football season if regular
practice sessions are not supplemented with strength
training.
(2)

Significant strength losses occur in the

majority of athletes following cessation of overload
strength training.
(3)

In-season strength training is beneficial

for maintaining strength levels acquired in the off-season
(4)

strength gains and their maintenance results

in increased levels of performance, confidence gains,:
and reduction of injuries.
(5)

Strength maintenance throughout the season is

of great importance in attaining peak performance levels
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at the end of the season.
(6)

The majority of football coaches do not require

athletes to train during the in-season.
The following generalizations are made from the
review of the related literature concerning methods for
developing strength*
Isotonic
(1)

The principle of overload training should

be adhered to when training for muscular strength im
provement.
(2)

Isotonic exercises are superior to isometric

exercises for developing strength.
(3)

Heavy weights with few repetitions are pre

ferred to light weights and many repetitions for strength
development.
(*0

Weight training that employs maximum resis

tance results in larger strength gains than training
with sub-maximum loads.
(5)

Training with three to four sets with 5-6

RM appears to be the optimum for Improving strength.
(6)

Isotonic strength can be maintained with two

normal workouts per week.
Isometric
(1)

Isometric training results in strength gains

in the low speed category and primarily affects only the
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fibers active at the one shortening length exercised.
(2)

Isometrics are Inferior to isotonic or iso

kinetic training when gains in strength are desired.
(3)

Isometric contractions using two-thirds of

maximum with frequent exercise bouts is superior to the
daily six-second bouts in developing qualities of strength
retention.
Isokinetics
(1)

Isokinetics employs maximal resistance through

out the full range of motion.
(2)

Isokinetics are superior to isotonics and iso

metrics when gains in strength are desired.
The following generalizations are made from the
review of the related literature concerning the choice of
a specific training methodi
(1)

Any training method that properly overloads

the muscles will result in strength gains or the main
tenance of strength thereof.

Chapter 3
Research Methodology
The purposes of this study werei

(1) to determine

whether strength training during the in-season Is bene
ficial for dynamic strength retention purposes and (2)
to determine which type of strength training program Is
most effective In maintaining dynamic strength levels
acquired In the off-season as determined by the 1-RM
for the bench press. The procedures used In gathering
the data are described In this chapter.
Sources of Data
The subjects In this study were fifty-seven
University of the Pacific football players actively com
peting In organized practices and games (in-season).
The subjects were divided up Into five groups»

Free

Weights, Nautilus, Nautilus & Free Weights* isometrics,
and Control.

All groups were matched by position except

the Control group. This group consisted of non-scholarship athletes (walk-ons) due to the limitations placed on
the study by the coaching staff. The study originally
consisted of seventy-seven subjects but twenty subjects
were dropped from the study due to injuries acquired during
the course of this ten week study.
were mandatory.

kO

All lifting bouts
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Organization of the Study
This study was conducted over a period of ten
weeks during the fall semester of 1979. The subjects
for this study were University of the Pacific football
players competing in the 1979 football season and were
divided into five groups matched by position» one group
consisting of players taking part in a Free Weight train
ing program, referred to as group 1» one group consis
ting of players taking part in a Nautilus training pro
gram, referred to as group 2; one group consisting of
players taking part in a combined Nautilus & Free Weight
training program, referred to as group 3t one group con
sisting of players taking part in an Isometric training
program, referred to as group 4j and one group consisting
of players acting as the control group taking part in
no lifting at all for the duration of the study, re
ferred to as group 5»
The subjects received orientation and written
information as to their group assignments, testing pro
cedures, and training programs to be used prior to the
start of the study. The training programs covered a
period of ten weeks (from September to November, 1979)
with groups 1 and 3 meeting on Mondays and Wednesdays and
groups 2 and 4 meeting on Tuesdays and Thursdays im
mediately following the conclusion of football practice
sessions.

Groups 1 and 3 were supervised by coaches
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Bauer, Haluchak, and Whited while groups 2 and 4 were
supervised by coaches Whited, Ferrigno, and Conte, The
control group did not participate in any training ac
tivities for the duration of the study.
Subjects in group 1 participated in the following
Free Weight training programi (1) three sets of 8-RM
for the bench press, military press, trlcep extensions,
and shoulder shrugs. The total program for this group
required twenty-five minutes to complete. (Appendix A)
Subjects in group 2 participated in the following
Nautilus training program»

(1) one set of 8-12 repeti

tions for the decline bench press, military press, super
pullover, tricep extensions, biceps curls, and shoulder
shrugs; (2) one set of 15-20 repetitions for the hip and
back.

The total program for this group required twenty

minutes to complete. (Appendix 3)
Subjects in group 3 participated in the following
Nautilus & Free Weight training programi

(1) three

sets of 8-RM for the bench press, (2) two sets of bar
dips doing maximum number possible in each set, and (3)
one set of 8-12 RN on the military press, double chest,
super pullover, shoulder shrugs, bleep curls, and hip and
back on the Nautilus circuit.

The total program for

this group required twenty minutes to complete. (Ap
pendix C)
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Subjects in group 4 participated in the following
Isometric training program,

(1) three maximal contrac

tions of six to eight seconds on the bench press, military
press, trlcep extensions, and shoulder shrugs.

The con

tractions consisted of one at approximately 120°, 90°,
and 60° with the angle at the elbow used as the reference
point.

Angles were determined by the spotters position

ing the loaded barbell with the use of a visual reference
chart,

(Figure 4)

This was done so that the subjects

were working the lift through its full range of motion.
The total program for this group required twenty minutes
to complete, (Appendix D)
Subjects in group 5 did not participate in any
weight training actlvites for the duration of the study.
Group 1 trained in the following manners

The six

teen subjects in the group were divided up into four teams,
each team taking a position at one of the four exercise
stations, bench press, military press, tricep extension,
and shoulder shrugs.

One member of each team commenced

exercising upon the author*s command "Exercise" while
the others acted as spotters and rested until the first
subject completed the designated amount of repetitions
for the first set.

All teams had approximately five

to six minutes to complete their designated number
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Figure 4.

Reference Chart of Angles to be Contracted Isomet-

rically.
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of sets.

At the end of the allotted time the groups

rotated to the next exercise on the author's command
"Rotate".

This procedure was followed until all teams

had completed their training circuit.
Group 2 trained in the following manneri

The

fifteen subjects In this group worked in pairs with one
subject going through the Nautilus circuit until the
designated number of sets and repetitions were completed.
The other subject acted as a spotter changing the weight
on the machines for his partner.

The subjects on the

Nautilus machines commenced exercising on the author's
command "Exercise".

They had approximately one minute

to complete their designated number of repetitions and
at the end of one minute the subjects rotated to the
next exercise on the author's command "Rotate".

At the

completion of the circuit the spotters then took a po
sition on the machines and the subjects previously on
the machines became spotters.
Group 3 trained in the following manneri

The

twenty subjects in this group were divided into three
teams t

one team positioning themselves at the bench-

presses, one at the dip station, and the other on the
Nautilus machines to go through a circuit. All subjects
commenced exercising upon the author's command "Exercise".
The group on the Nautilus machines were run through the
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circuit In the same fashion as group 2 with the excep
tion that they did not do decline bench press or tricep
extensions. It took approximately seven minutes to run
the team through the Nautilus circuit, thus the subjects
at the bench presses and dip station had seven minutes to
complete their designated number of sets and repetitions
before the author rotated the groups on the command
"Rotate". Upon the command to rotate the subjects at
the bench presses proceeded to the dip stationt the
subjects at the dip station to the Nautilus circuit,
and subjects on the Nautilus circuit to the bench presses.
The groups were rotated through the training program
until all subjects had completed the designated number
of sets and repetitions of each exercise within the
training program.
Group 4 trained in the following manneri

The four

teen subjects in this group were divided up into four teams,
each team taking a position at one of the four exercise
stations} bench press, military press, tricep extension,
and shoulder shrugs.

One member of each team commenced

exercising upon the author*s command "Exercise" while the
others acted as spotters and rested between contractions.
To perform these isometric contractions the bars of the
bench press, military press, and latisimus pulldown
machine were loaded with a weight that no member within
a team could move.

The spotters then took the bars off
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the rack and lowered or raised It to approximately the
correct angle of contraction for the subject performing
the exercise, not allowing the bar to fluctuate In its
position by either increasing or decreasing the angle at
the elbow.

At that point the subject performing the ex

ercise began a maximal contraction for eight seconds with
a spotter counting off out loud 1001, 1002, ... 1008.
The bar was then taken from the subject and placed on the
rack.

Subjects performing shoulder shrugs worked with

dumbells shrugging up the weight, shoulder to ears, and
holding it for eight seconds.

No specific angle of

contraction was possible due to the limited range of mo
tion of the exercise.

The bench press, military press,

and tricep extension exercises were performed on bars
with a known load Instead of using fixed bars.

This was

done to assure that the subjects were giving a maximum
honest effort, if they were not, the spotters and author
would easily be avxare of it.

This eliminated the assump

tion that the subjects were giving a maximal effort while
performing the isometric exercises.
All subjects who were members of the varsity
football team participated in all practice sessions,
but not all subjects were able to particlpate in games
played on Saturday of each week.
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Collection of the Data
The pre-test took place over a two week period In
August 1979 utilizing the 1-RM on the "bench press. During
the two weeks of fall camp all players were placed on
an identical training program developed "by strength coaches
Bauer and Haluchak.

When the 1979 season commenced in

September 1979 the players were then placed in specific
groups and put on specific training programs. The posttest took place in November 1979 for all subjects five
days after the team's last game.
The testing instrument used in this study was the
1-RM for the bench press.

The 1-RM for the bench press

was chosen because the lift could easily be standardized!
the learning Involved in performing the lift dealt with
a variable that remained constant for all measurements,
and lastly the 1-RM for the bench press is considered by
most coaches as a good measurement of a football player s
dynamic upper body strength as it takes into account
the muscles of the triceps, pectoralis, deltoids, and
latissimus dorsi.
Subjects arrived at the 1-RM by lifting a weight
they felt confident in performing.

After a successful

lift the subject's own judgement was used as to the amount
to be added to the load.

If the subject failed to perform

the weight initially selected for the exercise he used his
own judgement as to the amount of weight to be removed
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so that a 1-RM could be performed.

All subjects were allowed

two attempts at a specific load to arrive at a 1-RM.
All subjects performing the lift had to keep their
backs flat on the bench* lower the bar to their chest
and then raise It until their arms were fully extended.
No arching of the back or bouncing of the weight off the
chest was allowed.

If a player had a successful lift

while arching the back or bouncing the weight off the
chest, the 1-RM was not recorded until done properly.
This allowed the author to standardize the 1-RM for the
bench for all subjects.
Reliability of the Instrument
The 1-RM has long been used as a means of deter
mining the maximum strength of an individual.

The 1-RM

for the bench press was used as the testing Instrument
to measure the overall upper body strength of the subjects
in this study.

A study by Berger (i960) showed that the

1-RM correlates .97 for the bench press with a dynamic
training program.

Mankins (197*0 showed that the 1-RM

for the bench press used as a means of determining an in
dividual^ maximum dynamic strength in that lift correlated
.91.

Although there has not been shown to be a high cor

relation between isometric strength tested isotonically,
this was not a concern of the study.

The study was con

cerned with seeing how different strength training programs
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would affect the subject's performance of the 1-RK on
the bench press as a means of measuring dynamic upper body
strength. The instrument is reliable as it does measure
the same thing everytimej the maximum amount of weight
that an Individual can lift.
"alldlty of the Instrument
Dynamic strength is defined as the ability to
exert muscular force repeatedly and continuously through
a full range of motion over a period of time) therefore
any instrument that can be easily standardized will per
form this function.

The 1-RK for the bench press can

easily be standardized due to the fact that the learning
involved in performing the lift is a variable that remains
constant for all measurements.
Studies by 3erger (1962) and Noble and KcGraw (1973)
support the 1-RK on the bench press as a means for testing
dynamic strength for a battery of exercises as was the case
in this study.
The 1-RK on the bench press was deemed a valid
testing instrument for the measurement of dynamic strength.
Statistical Analysis

The data for this study consisted of pre- and posttest 1-RK scores for all subjects on the bench press.
analysis of variance was run on the pre-test mean scores and

51

the pre-post test mean gain or loss scores on the bench
press to determine If there were any significant dif
ferences between the groups. The F-ration obtained from
the analysis of variance was then used to determine if
in fact significant differences did exist between the
groups.
The significance of the pre-post test mean gain or
loss scores on the bench press was determined by a re
lated t-test.

The t-value obtained from the related

t-test was then used to determine if significant strength
gains or losses had occured within each group.
From the pre- and post-test mean scores on the
bench press a percentage of the amount of dynamic strength
retained was computed.

Chapter 4
Analysis of Data
The purposes of this study weret

(1) to deter

mine whether strength training during the in-season is
beneficial for strength retention purposes and (2) to
determine which type of strength training program is
most effective in maintaining strength levels acquired in
the off-season as determined by the 1-RM scores for the
bench press.

The subjects involved in this study were

fifty-seven University of the pacific football players
actively competing in organized practices and games
(in-season).

The subjects were divided up into five

groups; Free Weights, Nautilus, Nautilus <& Free Weights,
Isometrics and Control (group 1, group 2, group 3* group
4, and group 5 respectively).

All groups were matched

by position except the control group. This group consisted
of non-scholarship athletes due to the limitations placed
on the study by the coaching staff.
All players were pre-tested over a two week period
in August 1979 utilizing the 1-HH on the bench press.
The post-test took place in November 1979 five days after
the completion of the season for all subjects. During
the two weeks of fall camp and prior to the start of the
study players were placed on an identical training program
52
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developed by coaches Frank Bauer and Mike Haluchak.

When

the 1979 season commenced on September 8, 1979 the players
were then placed in specific groups and put on specific
training programs.
Organization of the Data for Analysis
The data was organized in such a way to permit
an analysis of the changes that occurred in each group's
mean scores on the pre- and post-tests for the bench press.
Table 1 Indicates the mean scores for all groups on the
bench press on each specific testing date and the per
centage of the group's mean strength that was retained.
An analysis of variance was run and the F-ratlo
obtained on the pre-test scores for the bench press was
used to determine if any statistically significant dif
ferences existed between the five groups.

The same pro

cedure was used to determine if the pre-post test mean
gain or loss scores were statistically significant in
difference among the five groups.

This was accomplished

by comparing the value of each F-ratlo to the critical
F value of 2.53 required for a difference to be considered
significant at the .05 level.
It can be seen in Table 2 that statistically sig
nificant differences existed between the group's pre-test
mean scores as indicated by an F-ratio of 8.70.

The mean

5*

TABLE 1
Means for all Groups on the Bench Press
for the Pre Test, Post Test, and
Percentage of the Pre Test
Strength Retained

Group K

Variable

1

Bench Press

12
10

Pre Test
Mean

Post Test
Mean

Percentage

303.3

293.8

97%

243.5

239.0

93%

14

309.6

297.9

96%

4

11

225.0

239.1

106%

5

10

249.5

237.5

95%

2
3

Free Heights

Group 1
-

1'autilus

-

Eautilus & Free Heights

Group 4

-

Isometrics

Group 5

-

Control

Group 2
Group 3
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TABLE 2
Results of Analysis of Variance Between
the Groups for Pre Test Mean
Scores on the Bench Press

Group r:
>—

Variable

1

12.

Bench Press

2

Standard
Deviation

Pre Test
Mean

35,95

303.3

10

43.78

243 . 5

3

14

51.61

309.6

4

11

31.31

225.0

5

10

54.74

249.5

P—Ratio
8.70*

*?—Ratio Critical Value at ,05 Level is 2,53

TABLE 3
Results of Analysis of Variance Between
the Groups for Pre-Post Test Mean
Gain or Loss Scores on the
Bench Press

Variable

Group

Bench Press

Standard
Deviation

Pre—Post Mean
.Gain or Loss

P-Ratio

12.51

-9.6

4.10*

1

12

Z
o

10

16.24

-4.5

14

20.34

-11.3

11

17.15

14.1

10

.22.33

-12.0

A

*7—Ratio Critical Value at ,05 Level is 2,53
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scores for group 1 and group 3 are significantly higher
than the mean scores for group 2, group 4, and group 5.
This was somewhat expected as the groups were matched by
position and not equated according to strength.
The results of the analysis of variance for the
changes among the group's pre-post test mean gain or loss
scores are shown in Table 3.

The P-ratio of 4.10 obtained

from the data shows a statistically significant difference
among the groups at the .05 level.

Group 1, group 2, and

group 5 all lost strength while group 4 gained strength
on the bench press.
Because statistically significant differences
existed between groups as determined by analysis of var
iance, a related t-test was administered to each group
to determine if in fact statistically significant mean
gains or losses occurred within each group.

As can be

seen in Table 4, the subjects in group 1 and group 2 did
not record statistically significant mean strength gains or
losses from the pre-test to the post-test for the bench
press.

Subjects in group 3, group 4, and group 5 all

recorded strength changes from the pre-test to the posttest significant at the .05 level.

Subjects in group 3

and group 5 exhibited a statistically significant strength
loss from the pre-test to the post-test on the bench press
with a t value of -2.40 and -2.10 respectively.

The
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TABLE 4
Results from the Related t-tests for Mean
Strength Gains or Losses from the
Pre to Post Test for the 1-RM
on the Bench Press

Group

B

Variable

Standard
Deviation

1

12 Bench Press

12.51

-9.6

-1.3

2

10

16.24

-4.5

-.3

3

14

20.34

-11.8

-2.4*

4

11

17.15

14.1

2.6*

5

10

22.88

-12.0

-2.1*

Group 1 - Free T.7eights
Group 2 - ITautilus
Group 3 - iTautilus £t Free heights
Group 4 - Isometrics
Group 5 - Control

Pre-Post Mean
Gain or Loss

Pre-Post
t-value

•Critical t-value
Level is 2.00
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minimal critical t value required to denote statistical
significance at the .05 level was 2.00.

Statistically

significant strength gains from the pre-test to the posttest on the bench press with a t value of 2.60 were re
corded for subjects in group 4.

The minimal critical t

value required to denote statistical significance at the
.05 level was again 2.00.
Results
1.

Statistically significant differences existed

between the groups pre-test mean scores on the bench
press) most notably between groups 1 and 3

as

compared

to groups 2, 4, and 5.
2.

Statistically significant differences existed

between the groups pre-post mean gain or loss scores;
most notably between group 4 as compared to groups 1,
2f 3. and 5.
3.

Group 1 and group 2 experienced no statis

tically significant strength losses from the pre-test to
the post-test on the bench press.
4.

Group 3 and group 5 experienced statistically

significant strength losses from the pre-test to the posttest on the bench press.
5.

Group 4 achieved statistically significant

strength gains from the pre-test to the post-test on the
bench press.
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6. The hypothesis as stated at the beginning of
this study that there would be a decrement of dynamic
strength among University of the Pacific football players
who did not participate in the in-season training program
is accepted as stated.
7. The hypothesis that there would be statistically significant differences in the strength retention of
individual players who weight train during the in-season
and those athletes who ceased strength training activities
with the former groups maintaining the highest levels of
strength, can not be totally accepted as stated.
8. The hypothesis as stated at the beginning of
this study that there would be no statistically sig
nificant differences between subjects training under the
Free Weight, Nautilus, Nautilus & Free Weights, and Iso
metric programs can not be totally accepted.
9. The study supports the contention that weight
training during the in-season is beneficial for strength
retention purposes.
Discussion of Results

According to Hettinger (1961) and Clarke (1973) UP
to forty percent of an athlete's strength may be lost in
a month or two without a strength maintenance program.
experts in the area of strength training and its main

tenance contend that training a minimum of twice a

Most

6o

week is sufficient for the maintenance of newly acquired
strength levels (Hettinger, 196l} Starr, 19?6).
Statistical analysis of the data in this study
did not totally support the findings of the studies men
tioned above. The discrepancy between the studies oc
curred when group 3 (Free Weight & Nautilus) did not
statistically maintain their strength throughout the ten
week season even though they participated twice a week
in a strength maintenance program.

It is suggested by

the researcher that this discrepancy may be partially
due to the fact that this group had attained higher
strength levels in the off-season as exhibited by their
pre-test mean score on the bench press (Table 1) and
therefore had more strength to lose.
Strength coaches from se/eral major universities
and two professional football teams, in personal inter
views tfarch 1980, felt that the goal of any in-season
strength maintenance program would be to retain 90-95^
of an athlete's strength.

Although a statistically sig

nificant strength loss occurred within group 3, a quan
titative look at the data in Table 1 shows that the group
actually maintained 96% of their pre-test mean score on
*

the bench press.

Groups 1 (Free Weights), 2 (Nautilus),

and U- (Isometric) also retained more than 96% of their
pre-test mean score on the bench press.

*1

A look at group 5 (Control) shows that they re
tained 95% of their pre-test mean score on the bench
press.

The low pre-test 1-HM mean score for the group

seems to indicate that little work had been done in the
off-season to acquire new strength levels.
Studies conducted by Darcus and Salter (1955)
and Lyne (1958) have shown that with the termination of
a strength training program, strength levels recede back
toward their normal level.

It has also been shown that

the faster strength is gained the faster the strength
will be lost after the program has ended (Hettinger &
hueller, 1953)*

It is therefore suggested by the re

searcher that the subjects in group 5 were at or near
their normal strength levels prior to the start of the
study, thus little or no strength was lost since normal
strength levels can be maintained without any strength
training activities,.

Though this may be the case, the

data still shows that group 5 lost: more strength than
any of the other groups involved in this study.
According to Hettinger (1961), two training ses
sions per week are usually adequate to maintain but not
to increase strength gained during prior training.

The

above statement does not support the fact that group 4
(Isometric), actually gained strength during the ten weeks
this study.

The subjects In this group performed
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three maximal contractions, held for eight seconds, at
three varying angles (Figure 4).

Previous studies con

ducted in the area of isometrics only dealt with contrac
tions performed at one specific angle (Hettinger & Mueller
1953s Rarick & Larson, 1958 j Chui, 1964),

Devries (1966)

states that performing Isometric contractions at one
specific angle will only develop strength at that angle
with a training effect occuring 15° above and below the
angle worked.

Because subjects in group 4 performed three

contractions at varying angles they did not develop
strength at any one particular angle but in fact developed
strength through the full range of lifts.

Group 4 had

the lowest pre-test mean score on the bench press possibly
indicating that little work had been done In the off-season
to acquire new strength levels.

This along with the type

of program the subjects were on may account for the fact
that the group gained strength during the course of this
study.
From the results of this study it is still not
possible to determine which type of strength maintenance
program (Free Weights, Nautilus, Nautilus & Free Weights,
Isometrics) is best for maintaining strength levels ac
quired in off-season training.

According to strength

coaches (personal interviews March, 1979) from perm
State, SHJ, u'GF, New Mexico, Nebraska, Utah State,

r
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Denver Broncos, and Dallas Cowboys, anywhere from 20-30#
of an athlete's strength can be lost during the In-season
without some type of strength maintenance program. Though
strength losses occurred within the groups participating
In strength maintenance activities all groups maintained
96% or better of their respective pre-test mean score for
the 1-RM on the bench press.

This leads the researcher

to conclude that no matter which type of program a coach
wishes to employ, proper overloading of the muscles, at
least two times per week, will maintain a resonable level
of strength.

The type of program that a coach wishes

to use, whether it be high school or college, may in
variably depend upon such factors as personal experience,
knowledge of specific types of programs, time, and money.
Many important aspects concerning in-season strength
maintenance programs may be drawn from this study, but
probably the most important outcome of this study deals
with the concept of total time spent per week on maintain
ing strength. Strength and skill levels are key ingre
dients to an athlete's performance.

Many coaches still

ignore in-season strength and power maintenance programs
because of the necessary time commitment involved.

This

study shows that not only pan strength be maintained
during the in-season but can be accomplished by different
types of programs in a relatively small amount of time.
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No group In the study spent more than fifty minutes a
week on maintaining strength.

For the coach this means

that more time can be spent on skill development and the
teaching of fundamentals, for coaching is merely the teach
ing of skills and fundamentals for competitive purposes.
Skill

2c

Strength-* Improved Athletic Performance-*
Success

Chapter 5

It was the purpose of this study (1) to determine
whether strength training during the in-season is bene
ficial for strength retention purposes and (2) to deter
mine which type of strength training program is most ef
fective in maintaining dynamic strength levels acquired
in the off-season as determined by the 1-RM scores for the
bench press.

Fifty-seven varsity football players from

the 1979 University of the Pacific football team were
used as subjects in this study.
The subjects who were members of the 1979 varsity
football team were divided up into five groups: Free
Weights, vautllus, Nautilus & Free Weights, isometric,
and Control (groups 1, 2, 3, 4, and 5 respectively).

All

groups were matched by position except for the control
group.

This group consisted of non-scholarship athletes

(walk-ons) due to the limitations placed on this study
by the coaching staff.
The study was conducted over a period of ten weeks
during the fall semester of 1979.

The training programs

covered a period from September to November with group 1
and group 3 meeting on Mondays and Wednesdays and group 2
and group 4 meeting on Tuesdays and Thursdays immediately
following the conclusion of football practice sessions.
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The Control

group

(group 5) did not participate in any

strength training activities for the duration of the
study. Subjects in group 1 participated in the following
Free Weight training programi (1) three sets of 8-RM
for the bench press, tricep extension, military press,
and shoulder shrugs.

Subjects in group 2 participated

in the following Nautilus training program»

(1) one

set of 8-12 BM for the decline bench press, military
press, super pullover, tricep extension, bleep curl,
and shoulder shrugsi (2) one set of 15-20 Rft for the hip
and back.

Subjects in group 3 took part in the following

Nautilus & Free Weight training programi

(1) three sets

of 8-RM for the bench pressj (2) two sets of bar dips
doing the maximum number of dips possible in each setj
and (3) one set of 8-12 RM on the military press, double
chest, super pullover, shoulder shrugs, bleep curl,
and hip and back on the Nautilus circuit.

Subjects in

group 4 participated in the following Isometric training
program: (1) three maximal contractions held six to eight
seconds on the bench press, military press, tricep ex
tension, and shoulder shrug. The contractions consisted
of one at 120°, 90°» &nd 60° with the angle at the elbow
used as the reference point.
Collection of the Data
All players were pre-tested over a two week period
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in August 1979 utilizing the 1-RK on the bench press.
During the two weeks of fall camp all players were placed
on identical training programs developed by strength
coaches Bauer and Haluchak.

When the season began in

September 1979 the players were then placed in specific
groups and put on specific strength training programs.
The post-test took place in November 1979 for all sub
jects five days after the team's last game.
The data was organized in such a way to permit
an analysis of the changes that occurred in each group's
mean scores on the pre- and post-tests for the bench
press.

An analysis of variance was run to determine if»

(1) statistically significant differences existed between
the five group's pre-test mean scoresj and (2) if statis
tically significant differences existed between the five
group's pre-post test mean gain or loss scores. The
results revealed that statistically significant differences
did exist between group 1 and group 3's pre-test mean
scores as compared to group 2, group

and group 5's

pre-test mean scores on the bench press. Statistically
significant differences also existed between the five
groups for changes among the pre-post test mean gain or
loss scores on the bench press.

All groups lost strength

from the pre-test to the post-test except group k which
gained strength.
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A related t-test was used to determine if statis
tically significant mean strength gains or losses occurred
within each group.

Analysis Indicated that the subjects

in group 3 and group 5 experienced statistically sig
nificant strength losses at the ,05 level, while sub
jects in group 4 recorded statistically significant strength
gains.

Group 1 and group 2 subjects experienced no statis

tically significant mean strength changes from the pre-test
to the post-test.
Conclusions
Within the limitations of this study, the following
conclusion was made«

Strength training during the in-

season is beneficial for strength retention purposes.
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APPENDIX A

UNIVERSITY OF TO5 PACIFIC
In - Season V7eight Training Program 1979
Lifting Program;

All players will lift twice a week during

the season for ten (10) weeks.. The workouts will include
these exercises:
FREE T73IGETS:
1. Bench Press 2. Military Press -

3 Sets x 8 Reps. 75?S of max, capability
3 Sets x 0 Heps,

3. Tricep Extension -

3 Sets x 8 Reps,

4. Shoulder Shrugs -

3 Sets x 8 Reps.

Time For Total Program:

25 Minutes

Lifting Da-'-s:
Coaches:

Monday and Wednesday

Bauer, Haluchak, and Whited

PLAYER GROUPING:
Group I

Group II

Group III

Group IV

Goulart

Turner

Tracy

McGahan

Slackvrell

Bassett

Jiles

Haka

Johns

Avriett

Rogers, M,

Chulick

Chaoa

Penn

Cook

Carter
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APPENDIX B
UI'IVERSITY OF THE PACIFIC
in - Season Weight Training Program 1979
Lifting Program*

All players vn.ll lift twice a week during

the season for ten (10) weeks.
these exercises;
r?.UTTLUS«

The workouts vn.ll include

,

1.

Decline Bench Press -

1 set x 8 - 12 Reps.

2.

Jlilitary Press -

1 set x 8 - 12 Reps.

3.

Super Pullovers -

1 set x 3 - 12 Reps.

4.

Hip £ Back -

1 set x 20 Reps.

5.

Tricep Extensions -

1 set x 8 - 12 Reps.

6.

3icep Curls -

l Set x 8 - 12 Reps.

7.

Shoulder Shrugs -

1 set x 8 - 12 Reps.

Time ?or Total
Lifting Davs«
Coaches*

Program;

20 Minutes

Tuesday and Thursday

VThited, Perrigno, and Conte

PLAYER GROUPING;
Grour? I

Grouo II

Pilarsky - Johnson

Quiller - Culpepper

Chapman — Hoffman

Love - Smith

Howard - Ilout

Rock - DeShano

Sullivan - Goodman

Tobeck - Markel
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APPENDIX C
UNIVERSITY QF THE PACTFTc;
In - Season Weight Training Program 1979
Lifting Program:

All players will lift twice a week during

the season for ten (10) weeks.
these exercises:

The workouts will include

FREE '/EIGHTS;
1,
2,

Bench Press — 3 Sets x 8 Reps,
Dip Station - 3 Set3 x 3 Reps.

75>S of max, capability

IAUTILUS:
1„

Double chest -

1 set x 8 - 12 Reps.

2.

Military Press -

1 Set x 8 - 12 Reps.

3.

Super Pullovers - 1 Set x 8 - 12 Reps.

4.

Hip & Back -

1 set x 20 Reps.

5.

Bicep Curl -

1 set x 8 - 12 Reps.

Time For Total Procrram:
Li. fting Da^s;
Coaches;

20 Minutes

Monday and Wednesday

Bauer, Haluchak, and -Thited

PLAYER GROUPING:
Group I

Groun II

Groun III

Brov.m

Vassar

Wilson

Cosgrove

Perro

Harrison

IThited

Telson

Bruner

DeSadier

Escobedo

Shibata

House

Schreiner

Herriweather

Bednarek

Harmon

Bryant
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APPENDIX D

UMIVSRSITy OF TUB PACIFIC
In - Season Height Training Program 1979
Lifting Program«

All players will lift twice a week during

the season for ten (10) weeks. The workouts will include
these exercises:
ISOMETRICS:
1, Bench Press —

3 Max, Contractions, hold 6-8 sec,

2. Military Press -

3 Max, Contractions, hold 6—8 sec,

3.. Tricep Extension - 3 Max, Contractions, hold 6-8 sec.
4. Shoulder Shrugs 3 Max, Contractions, hold 6-8 sec.
Tine For Total Program;
Lifting Pa^s:
Coaches;

20 Minutes

Tuesday and Thursday

TThi.ted, Ferrigno, and Conte

PLANTER GROUPING;
Group I

Group II

Group III

Group IV

lewandowski

Thompson

Council

Landis

Bassett, M,

Blue

Sweeney

Ijang

"estem

C1Rourke

Torretta

Storehouse

Berg

Cioolla

Gaehal

